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Do Mitochondrial Diseases Have
a Role in the Pathogenesis of Obstructive Sleep Apnea?

Mitokondriyal Hastaliklarin Obstriktif Uyku Apnesinin Patogenezinde
Rolii Var mi?
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ABSTRACT

Objective: This study was designed to investigate and compare histopathological changes in pharyngeal musculature in simple snorers and in patients with
obstructive sleep apnea hypopnea syndrome (OSAHS).

Material and Methods: Fifteen patients with OSAHS and seven simple snorers were included in the study. A cylindrical shape of muscle tissue (about 1
cm long x 0.5 cm wide) was obtained from the palatoglossus muscle during surgery. Samples stained with haemotoxylin/eosin and nicotinamide adenine
dinucleotide (NADH) tetrazolium reductase. Proportion of type I and type II fibers, group atrophy, and type grouping were noted. Mitochondrial disease
(MD) was suspected in two of the OSAHS patients and modified Gomori trichrome, succinate dehydrogenase (SDH), and double staining with cytoch-
rome c-oxidase (COX) and SDH were performed to all cases.

Results: Type grouping and group atrophy were not detected in both of the groups. Type II fibers were found to be predominant in seven OSAHS patients
and one simple snorer and there was no significant difference between the two groups (p=0.19). COX deficiency, indicating mitochondrial disease was de-
tected in two OSAHS patients. COX-deficiency was not significantly different (p>0.45) between the simple snorers (0/7) and OSAHS patients (2/15).
Conclusions: Although rare, detection of mitochondrial muscle disease in some patients with OSAHS; let us concentrate on a new research subject that
may have a role in the pathogenesis of upper airway collapse in patients with OSAHS.
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OZET

Amac: Bu ¢alismada obstriiktif uyku apne hipopne sendromlu (OSAHS) ve basit horlamasi olan hastalarin faringeal kaslarindaki histopatolojik degisik-
likleri aragtirmak ve kargilagtirmak amaglanmustir.

Yontem ve Geregler: Calismamiza 15 OSAHS ve yedi basit horlama hastast dahil edilmistir. Cerrahi sirasinda hastalarin palatoglossus kasindan yakla-
sik 1 cm boyunda ve 0,5 cm eninde silindirik sekilde doku &rnekleme igin alinmustir. Ornekler hemotoksilen/eosin ve nikotinamide adenin dinucleotid
(NADH) tetrazolyum reduktaz ile boyanmistir. Ornekler, tip T ve tip IT lifler arasindaki oran, grup atrofisi ve tip gruplamasi agisindan incelenmistir.
OSAHS" olan iki hastada mitokondriyal hastaliktan siiphelenilmis ve bunun iizerine tiim spesimenlere modifiye Gomori trikrom, siiksinat dehidrogenaz
(SDH) ve sitokrom c-oksidaz (COX) ve SDH ile ¢ift boyama uygulanmustir.

Bulgular: Her iki grupta da tip gruplamasi ve grup atrofisi tespit edilememistir. Yedi OSAHS ve bir basit horlamasi olan hastada tip II liflerin baskin ol-
dugu goriilmustiir ancak lif tiplerinin dagilimi iki grup arasinda anlamli fark yaratmamustir (p=0.19). Mitokondriyal hastaligin bulgusu olan COX eksik-
ligi iki OSAHS hastasinda tespit edilmistir. COX eksikliginin dagilimi, basit horlamasi olan hastalar (0/7) ve OSAHS hastalar1 (2/15) arasinda istatistiksel
olarak anlamli bulunmamustir (p>0.45).

Sonug: Nadir olsa da OSAHS hastalarinin bazilarinda mitokondriyal kas hastalig: tespit edilmesi, bizi OSAHS hastalarinda goriilen tist havayolu obs-
trilksiyonunun patogenezinde rol alabilecegini diisiindiigiimiiz yeni bir arastirma konusuna yogunlasmaya yoneltmistir.

Anahtar Sozciikler
Obstruktif uyku apnesi, mitokondriyal myopatiler

Caligmanin Dergiye Ulastigi Tarih: 03.02.2009 Caligmanin Basima Kabul Edildigi Tarih: 07.04.2009
Correspondence

Ahmet Emre SUSLU, MD
Abant izzet Baysal Universitesi
Bolu fzzet Baysal Tip Fakiiltesi, KBB AD,
Golkoy /Bolu TURKEY
Tel: 90 374 2703524
E-mail: aesuslu@yahoo.com




Do Mitochondrial Diseases Have a Role in the Pathogenesis of Obstructive Sleep Apnea? 91

INTRODUCTION

bstructive sleep apnea hypopnea syndrome
(OSAHSY) is characterized by recurrent episo-

des of partial or complete obstruction of the

upper airway. This disorder commonly causes intermit-
tent hypoxemia and sleep fragmentation. The preva-
lence of OSAHS in adults is 4-9%, and it has a strong
association with significant increases in morbidity and
mortality, as well as with decreased quality of life.!
However, the pathophysiological mechanisms for the
collapse of the upper airway during sleep in OSAHS pa-
tients are not well defined yet.

Most studies suggest that adults with OSAHS have
anarrower upper airway than non-OSAHS subjects.>* It
is likely that larger than normal soft tissue structures,
such as the soft palate, tongue, parapharyngeal fat pads,
tonsils, and lateral pharyngeal walls interact to narrow
the upper airway lumen. Although the preceding evi-
dence has shown that structural factors play an impor-
tant role, it is impossible to explain the entire patho-
genesis of upper airway collapse by anatomical factors
alone. It is agreed that the ability of upper airway mus-
cles to develop a dilating force to counterbalance the ef-
fects of collapsing forces plays a critical role in the
pathophysiology. There is an accumulation of evidence
indicating the role of neuromuscular factors in the de-
velopment of upper airway collapse.**

Histological changes associated with OSAHS have
been investigated extensively in recent years and vari-
ous morphological abnormalities indicating neuromus-
cular disorders were demonstrated in pharyngeal
muscles. Edstrom et al.® studied biopsies of palatopha-
ryngeal muscle samples from OSAHS patients and nor-
mal controls. Only biopsies from OSAHS patients
showed type grouping, an indicator of a neurogenic le-
sion. These authors suggest that the neurogenic lesion
might be a primary phenomenon or might be secondary
to trauma; specifically, stretching of the pharyngeal tis-
sues during snoring and repetitive apneas. Friberg et al.”
performed further histological and electron microscopic
investigations of the pharyngeal muscles in OSAHS pa-
tients. Similarly, their results showed lesions consistent
with polyneuropathy. Additionally they also demon-
strated afferent nerve lesions of the palatal mucosa im-
munohistochemically in OSAHS patients.® Woodson et
al.” showed focal degeneration of myelinated nerve
fibers in patients with severe sleep apnea. Smirne et al.'

found an abnormal distribution of fiber types in the pha-
ryngeal constrictor muscles of habitual snorers.

The aim of the present study was to investigate and
compare histopathological changes in the pharyngeal
musculature in simple snorers and OSAHS patients.
Surprisingly, signs indicating mitochondrial disease
(MD) were observed in some of the OSAHS patients.
The presentation of a relatively rare disease (MD) in our
15-patient OSAHS group may lead to the identification
of new contributing factors in the pathophysiology of
obstructive sleep apnea.

MATERIAL AND METHODS

Subjects

Among the candidates scheduled for uvu-
lopalatopharyngoplasty (UPPP) or uvulopalatal flap
(UPF) surgery at the Hacettepe University Faculty of
Medicine, Department of Otorhinolaryngology Head
and Neck Surgery between January and December
2004, 22 patients agreed to participate were included in
the study. The definitive diagnosis of OSAHS or sim-
ple snoring was based on overnight polysomnography.
OSAHS was considered to be present if AHI was > 5.
Patients were grouped as simple snorers and OSAHS
patients. In all, 7 patients (31.8%) with an AHI <5 were
diagnosed as simple snorers. Of the remaining 15 pa-
tients (68.2%), 6 had an AHI between 5 and 14.9 (mild
OSAHS), 6 had an AHI between 15 and 29.9 (moderate
OSAHS), and 3 had an AHI > 30 (severe OSAHS). The
study protocol was approved by the Hacettepe Univer-
sity Ethics Committee and all patients provided written
informed consent to participate in the study.

Muscle sampling and analysis

A cylindrical shape of muscle tissue (about 1 cm
long x 0.5 cm wide) was obtained from the palatoglos-
sus muscle during UPPP or UPF surgery. Muscle sam-
ples were rapidly frozen by submersion in isopentane,
cooled in liquid nitrogen (-160°C) and then successive
transverse sections (10 pm) were cut with a cryostat. All
muscle specimens were stained with haemotoxylin and
eosin, and nicotinamide adenine dinucleotide (NADH)
tetrazolium reductase. After the staining procedure all
specimens were examined under light microscopy. Vari-
ability in fiber size, the presence of internal nuclei, pro-
portion of type I and type II fibers, group atrophy, and
type grouping were noted. As increased enzyme activ-
ity was observed in the NADH stained sections of two
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of the OSAHS patients, in order to investigate suspected
mitochondrial disease modified Gomori trichrome, suc-
cinate dehydrogenase (SDH), and double staining with
cytochrome c-oxidase (COX) and SDH were performed
for all cases. Medical records of the two patients who
diagnosed with MD were reviewed in respect.

The data of the simple snorers and OSAHS patients
were compared with the chi-square test.

RESULTS

The study included 22 patients (17 males, 5 fe-
males). Demographic data, AHI, and histopathological
data of all 22 patients are summarized in Table 1. Mean
AHI was 3.2 (range: 1.6-4.8) and 20.3 (range: 9-40.3) in
simple snorers and OSAHS patients, respectively. Mean
age of simple snorers (6 males, 1 female) was 39.9+ 11.4
years and the mean age of OSAHS patients (11 males, 4
females) was 47.3 + 8 years. There was no significant
differences in the distribution of sex or age (p=0.51 and
p=0.09 respectively) between the simple snorers and
OSAHS patients. All of the OSAHS patients and two
simple snorers underwent UPPP surgery, while the re-
maining 5 simple snorers underwent UPF surgery.

The fiber sizes ranged from 20 um to 80 pm in the
specimens. None of the patients had an increase in the
number of internal nuclei. Type II fiber predominance

was observed in seven OSAHS patients (46%) and in
one simple snorer (14%). In the remaining patients type
I and type II muscle fibers were distributed equally.
Type 1I fiber predominance in the simple snorers and
OSAHS patients was not significantly different
(p=0.19). Group atrophy and type grouping were not de-
tected in both simple snorers and OSAHS patients.

COX-deficient fibers were observed in two
OSAHS patients (Figure 1). Each patient showed five
fibers per small power view (10x). In one patient ragged
red fibers were also detected (Figure 2). The ages of the
patients were 50 and 52. The medical records of these
two patients revealed no specific information about MD.
One of these patients had moderate OSAHS, while the
other had severe OSAHS. None of the simple snorers
had COX-negative fibers. COX-deficiency was not sig-
nificantly different (p>0.45) between the simple snor-
ers (0/7) and OSAHS patients (2/15).

DISCUSSION

Mitochondrial diseases are a heterogeneous group
of genetic disorders with widely varying clinical fea-
tures, which are the result of defects in mitochondrial
function. Deficiency in mitochondrial energy produc-
tion can originate in many different segments of the bio-
chemical energy production mechanism of the

Tablo 1. The demographic data, AHI (apnea hypopnea index), and histopathological data of all 22 patients.

Sex Age  AHI Fiber size (um) Internal nuclei
1 M 53 12 20-80
2 F 50 40,3 20-80
3 M 47 9 20-60
4 F 47 221 28-80
5 M 39 274 20-60
6 M 38 1.6 28-96
7 M 22 1.6 40-80
8 M 46 14 20-72
9 F 48 438 28-52
10 M 35 4 20-60
1" M 28 24.3 20-60
12 M 38 19.3 20-48
13 M 32 4 24-64
14 M 50 17 24-60
15 M 54 3.2 24-68
16 F 56 22,6 20-40
17 M 48 9 20-40
18 M 50 29 20-60
19 F 55 30.8 20-40
20 M 52 39 20-52
21 M 42 9 20-60
2 M 59 9.2 20-52

Fiber type  Type grouping  Group atrophy  Cox deficiency
1>
11>
[1=I
1>
l1=I
[1=I
[1=I
1>
[1=I
[1=I
1>
[1=I
1>
1> - - +
[1=I
[1=I
[1=I
[1=I
[1=I
1> - - +
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Figure 1. Double staining with COX and SDH stains. COX negative fibers
are seen as blue . Several COX-negative fibers are present. (arrow indicates
a COX negative fiber).

Figure 2. Muscle biopsy from palatoglossus muscle shows fiber size vari-
ability, round fibers, and a "ragged red" fiber. (arrow indicates a ragged red
fiber).

mitochondrion. These disturbances are due to different
genetic defects in both nuclear and mitochondrial
DNA.""I3 Muscle, because of its high-energy require-
ments and dependence on oxidative metabolism, is one
of the tissues most commonly affected by mitochondr-
ial dysfunction, and myopathy is present in many of the
known MD. It is becoming clear that peripheral neu-
ropathy is also an important manifestation of mitochon-
drial dysfunction.'!

MD may present at any age. The clinical presenta-
tion of MD has a wide spectrum, ranging from severe
neuromuscular disorders to non-specific mild muscle

weakness.'* Exercise intolerance is a well-recognized
clinical feature of MD and exercise capacity decreases
in proportion to the increasing mutation load in mus-
cle."® Exercise intolerance or weakness of the limbs is
the presenting complaint in 23% of patients and times
may be the only manifestation of mitochondrial dis-
ease."”

The clinical and genetic heterogeneity exhibited by
MD poses a diagnostic challenge. If the history, physi-
cal examination, and supportive laboratory tests suggest
mitochondrial disease, the next step is to determine
whether the patient has a defined syndrome or disease
associated with mitochondrial disorder. If the patient
does not have a classical syndrome, muscle biopsy
should be performed. The analysis of the specimen
should include an investigation of ragged red fibers or
COX-negative fibers.!! The SDH reaction clearly shows
the sub-sarcolemmal accumulation of the mitochondria
in MD. The presence of low levels of COX-deficient
fibers must be interpreted with caution. Clonal expan-
sion of mitochondrial DNA deletions in single fibers is
well recognized in aging muscle and these deletions will
manifest as focal COX defects.!® The presence of COX-
negative fibers in the elderly (> 70 years old) empha-
sizes the importance of obtaining additional clinical,
biochemical and genetic data.'” The prevalence of MD
leading to disorders in patients of working age (16-60
years) was reported to be between 1/15,000 and
1/17,500 in various studies.!®!° In the present study we
diagnosed MD in two OSAHS patients; they were 52
and 50 years old, who are not old enough to have COX-
deficient fibers characteristic of old age. The observed
positive histological signs of MD were not significantly
different between the simple snorers (0/7) and OSAHS
patients (2/15) in our study group, but the MD fre-
quency (2/15, 13.3%) was relatively high. We think that
the diagnosis of such a rare disease in our very limited
patient population was beyond chance; however stress-
ing MD as a factor in the pathophysiology of OSAHS
seemed to be impossible based on our limited data. Fur-
thermore, because we did not design the study for in-
vestigating MD in our patient group, we did not perform
detailed examinations of the patients for systemic signs
and symptoms of MD. Additionally, neither biochemi-
cal assessments of mitochondrial function nor genetic
analysis could be performed to confirm the pathological
diagnoses. Despite all of these limitations, we suggest
that local muscle weakness due to mitochondrial dys-
function might have played a role in the pathogenesis
of upper airway collapse.
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There are numerous well-known mitochondrial and
nuclear DNA mutations that cause MD. Different ge-
netic and non-genetic factors, such as the individual en-
ergy demand of each tissue, age, type of gene involved,
and DNA mutation result in different clinical pheno-
types and different clinical presentations. Progressive
external ophthalmoplegia is the most important example
of mitochondrial myopathy and affects the extraocular
muscles locally. Similarly, in obstructive sleep apnea
pharyngeal muscles may be involved locally with a sub-
clinical form of mitochondrial myopathy and decreased
exercise intolerance of pharyngeal muscles may interact
with obstruction of the upper airway.

Peripheral neuropathy is reported with increasing
frequency in MD.'>? Most of the previous histopatho-
logical studies concerning OSAHS reported neurogenic
lesions, such as peripheral neuropathies. In addition to
vibratory trauma, MD may contribute to the formation
of neuropathy in pharyngeal muscles in OSAHS pa-
tients. To validate these hypotheses, the necessity of fur-
ther investigations, including histopathological,
histochemical, biochemical assessment of mitochondr-
ial function in pharyngeal musculature, and molecular
genetic analysis of high number of OSAHS patients, is
obvious.

In the present study we also investigated the mor-
phological signs of localized myogenic or neurogenic
lesions. Smirne et al.'® found that habitual snorers had an
abnormal distribution of fiber types compared to non-
snorers: the number of type I and type IIB muscle fibers
were reduced, whereas type IIA fibers increased in num-
ber. Smirne et al.!® suggested that a reduction in the
number of motor neurons could induce adaptive trans-
formation and hypertrophy of type II fibers. In our study

we found type II fibers were predominant in 7 of 15
OSAHS patients and in 1 of 7 simple snorers: the dif-
ference between the groups was not significant but the
abnormal distribution of muscle fibers supported the
possibility of a neurogenic lesion in the pharyngeal mus-
culature in some of the OSAHS patients and simple
snorers.

Degeneration of motor nerves leads to a lack of
electro-mechanical activity in muscle fibers. Re-inner-
vation of denervated muscle fibers can originate due to
a destroyed axon by regeneration or by collateral sprout-
ing from a nearby intact axon. The re-innervation
process may cause type grouping. If that axon again be-
comes denervated, the muscle fibers of that motor unit
will atrophy. Such a motor unit will display not only
type grouping, but also grouped atrophy.’ In contrast to
the literature, the well-known indicators of a neurogenic
lesion, type grouping and grouped atrophy were not ob-
served in either the OSAHS patients or simple snorers.
Detection of internal nuclei in at least 10% of the fibers
is suggestive of myopathy.'* Internal nuclei could not
be detected in any of our patients.

CONCLUSION

Positive histological signs of MD were not signif-
icantly different between the simple snorers and
OSAHS patients in our study group but diagnosing MD
in patients with OSAHS seems to be important. Further
investigations, including histochemical, biochemical as-
sessments of mitochondrial function, and genetic analy-
sis in OSAHS patients may help enlightening the
subject.
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